Abstract: Initial long term planning for logging on the Tweedsmuir-Entiako caribou winter range began in the early 1980's. Because little information was available on which to base winter range management, the British Columbia Fish and Wildlife Branch began studies on radio-collared caribou in 1983, and an intensive study on caribou winter habitat requirements was conducted from 1985 to 1988. Terrestrial lichens were identified as the primary winter food source for the caribou, and in 1987, caribou winter range ecosystem maps, which emphasized abundance of terrestrial lichens, were produced. The ecosystem maps and information from the caribou study, including potential direct and indirect effects of timber harvesting on the caribou population, were used to develop a management strategy for the winter range. The management strategy comprised two levels of management: a landscape level (Caribou Management Zones); and a site-specific level (caribou habitat/timber values). Timber information associated with BC Ministry of Forests forest cover maps was integrated using a Geographic Information System. Six winter range management options were proposed ranging from harvesting low value caribou habitats only throughout the winter range to total protection of the entire winter range. Impacts of those options on both the caribou population and on the timber supply were evaluated. The options were reviewed through a public planning process, the Entiako Local Resource Use Plan, and recommendations from that process were forwarded to the British Columbia Protected Areas Strategy.
Introduction
West-central British Columbia has been identified as a high priority management area for woodland caribou (Rangifer tarandus) in British Columbia (Stevenson & Hatler, 1985) . Rangifer, Special Issue No. 9, 1996 Rainbow area were radio-collared between 1983
and 1985 and basic information on habitat use, seasonal movements and population dynamics was collected (Marshall, 1983 (Marshall, , 1984 (Marshall, , 1985 (Marshall, , 1986 Smith & Hebert, 1986) . Because issues and study objectives were similar for both winter ranges, the two projects were combined in 1985 and expanded to include more intensive investigations of winter ecology and population parameters of the caribou. The winter field investigations were conducted for 3 years (Cichowski, 1989) , and winter habitat maps were developed for both winter ranges (British Columbia Ministry of Forests, 1987a Forests, , 1987b . A winter range management strategy was then developed for the Tweedsmuir-Entiako caribou winter range based on the winter habitat map and the results from the winter ecology study (Cichowski & Banner, 1993) . A similar process was also used to summarize caribou winter range characteristics and to develop 5 proposed scenarios for management of the Itcha-Ilgachuz-Rainbow caribou winter range.
Winter range management planning for both areas is currently being conducted through public land management planning processes. 
Study area
The Tweedsmuir-Entiako caribou winter range is located in west-central British Columbia, 200 km south of Smithers (Fig. 1) . Most of the winter range lies between 850 and 1300 m on the Nechako Plateau and is characterized by flat or gently rolling terrain (Holland, 1976) . The round-topped Fawnie
Mountains in the eastern portion of the study area rise up from the Nechako Plateau to 1920 m. Most of the study area is included within the moist cold subzone of the Sub-Boreal Pine-Spruce (SBPSmc)
Biogeoclimatic Zone (Pojar er al, 1988 Initial caribou winter range study (1982) (1983) (1984) (1985) Concern over the Tweedsmuir-Entiako caribou winter range began in the late 1970's when logging was first proposed for the area. Although specific winter ranges had not yet been identified, incidental observations of caribou suggested that caribou wintering areas occurred outside of Tweedsmuir Park, with the Entiako area identified as a major wintering area (Hatter, 1979) . Historically, caribou wintered north of the Ootsa Lake area, but the flooding of the Ootsa Lake complex by the Kenny Dam in the early 1950's, likely contributed to the abandonment of those winter ranges (Hatter, 1979) , thus increasing the significance of the winter ranges east of Tweedsmuir Park.
In November 1983, the B C Wildlife Branch, with cooperation from the Tweedsmuir Rod and Gun Club, captured and radio-collared 13 caribou as they moved south across Tetachuck Lake during fall migration (Marshall, 1983 ). An additional 6 caribou were collared in November 1984 (Marshall, 1984) . The B C Wildlife Branch began locating radio-collared caribou on a monthly basis to determine general seasonal movements and habitat use (Marshall, 1984 (Marshall, , 1985 (Marshall, , 1986 .
During summer, caribou were found in nor- 
Caribou winter ecology study and winter habitat mapping (1985-1988)
In April 1985, the West-central B.C. Caribou
Research Project was initiated to investigate the potential effects of logging on caribou (Cichowski, 1989) . The focus of the study was to determine habitat use and foraging strategies.
Radio-collared caribou were located on a weekly basis from December to March to monitor winter habitat use and movements and to identify areas for ground investigations of feeding sites. Results indicated that caribou were selecting mature pine forests on low productivity sites, and were feeding primarily on terrestrial lichens. Selection of feeding sites within forested areas depended primarily on lichen presence and abundance; snow characteristics were less important. Arboreal lichens were used to a lesser extent than terrestrial lichens, and were most heavily used where arboreal lichens were abundant (trees in forested wetlands and on the margins of wetlands and lakes).
From this initial information, a winter range habitat map was developed for the study area (Kershaw, 1977; Hale, 1983; Rowe, 1984) , terrestrial lichen abundance was closely associated with site productivity. Dry
Lichen and Lichen Moss sites are less productive than Moss, Seepage Forest and Aspen Forest sites (Cichowski & Banner, 1993) . Lichens are also very slow growing (Ahti, 1977; Johnson, 1981) recruitment and high adult mortality suggested that the population was declining (Cichowski, unpubl. data). Wolf and bear predation was documented, mostly during summer months, however, the population hmiting factor has not yet been determined (Cichowski, unpubl. data) . Because of the declining population trend, it was necessary for the winter range management strategy to address the potential impacts of forest harvesting on the caribou population as well as on caribou habitat.
Winter range management strategy and options

Potential Impacts
With the completion of the caribou winter ecology study and the caribou winter range habitat map, enough information was available to identify important habitats for winter range management purposes. Because terrestrial lichens are highly susceptible to mechanical damage, and regeneration could take 50-100 years (Hale, 1983; Rowe, 1984) , a conservative approach is necessary to ensure an adequate winter food supply for the caribou. Racey et al, 1991) . Wolf predation has been implicated as the major limiting factor of woodland caribou populations in Alaska, the Yukon, western Alberta and southeastern British Columbia (Gasaway et al, 1983; Farnell & MacDonald, 1987; Edmonds, 1988; Seip, 1992 (Seip, 1992) .
One anti-predator strategy of caribou is to space out over large areas and to exist at low densities so that it is harder for predators to find them (Bergerud et al, 1984; Bergerud & Page, 1987) . If the available mature forested habitat for caribou is reduced, their density within that habitat will increase which could result in increased predator efficiency. Predator efficiency may also be improved if ploughed roads or snowmobile tracks provide easier travel routes for wolves (Edmonds & Bloomfield, 1984 for conflicts between caribou habitat and timber values (i.e. high caribou habitat value on low value timber stands, high value timber stands on low value caribou habitat).
Options
With the two level management approach, a timber harvesting strategy could be developed for the winter range which considers both direct and indirect impacts on caribou. At the landscape level, a harvesting strategy could be prescribed for each Caribou Management Zone based on its unique characteristics. Site specific management is achieved by restricting timber harvesting to specific Caribou Habitat Types or site units. Supply Areas (TSAs), the Lakes TSA and the Prince George TSA (Fig. 2) . Because timber supply calculations differed between the two TSAs, the impacts on the timber supply had to be evaluated separately.
To simplify the analysis, it was assumed that clearcut harvesting would occur within the Caribou Habitat Types where harvesting was permitted.
The impacts generally decreased for both
Timber Supply Areas from option 1 to option 6 (Table 3) . The most significant change in impact occurred between options 1 and 2 for the Prince George Timber Supply Area and between options 2 and 3 for the Lakes Timber Supply Area, since the Lakes Timber Supply Area contained most of the high and moderate value Caribou Management Zones (Fig. 2) . The impacts of Option 6 on the timber supply were similar to those of options 3, 4
and 5 in the Prince George TSA and options 4 and 5 in the Lakes TSA. Although the impacts to the timber supply were similar for those options, the implications to the caribou population differ significantly. Because Options 3 and 4 offer some degree of protection to the winter range, they will have fewer impacts on the caribou population than Option 6 which ignores the zonation scheme.
Option 2 was recommended as the best option for caribou given some level of harvesting in the caribou winter range (Cichowski & Banner, 1993 
